Background: Nutrient determinants of postprandial triglyceride (TG) are matter of debate, especially for type II diabetes. Objective: This study was performed to evaluate the impact of dietary habits on postprandial TG response in a population-based sample of type II diabetic patients. Design: One-hundred and forty type II diabetic patients (63 men/77 women, age 45-70 years) referring to the same health district, not on hypolipidemic drugs and without any other chronic disease, performed four TG profiles (at fasting, before, 2 and 3 h after lunch) with a specific device (Accutrend GCT, Roche Diagnostics Mannheim, Germany) validated previously. Dietary habits were recorded by a dietitian utilizing a previously validated semiquantitative questionnaire. Results: Triglyceride values (mmol/l, mean7s.d.) were 2.2270.93 at fasting, decreased before lunch (2.0370.81), reached peak values 3 h after lunch (2.7371.11). Postprandial TG increments (3 h after lunch minus pre-lunch concentration) significantly correlated with the intake (g/day) of animal protein (r ¼ 0.20, Po0.02), total fat (r ¼ 0.21, Po0.01), animal fat (r ¼ 0.19, Po0.03) and vegetable fat (r ¼ 0.19, Po0.03), also after adjusting for fasting TG and high-density lipoprotein cholesterol levels. Expressing nutrient intake as percentage of total calorie intake, total and animal fat remained significantly and directly related to postprandial TG increment (r ¼ 0.21, Po0.01 for total fat; r ¼ 0.19, Po0.03 for animal fat) whereas the percentage of carbohydrates was inversely related (r ¼ À0.23, Po0.007). Conclusions: Fat intake seems the major nutritional determinant of postprandial TG response in type II diabetic patients.
Introduction
The effects of different nutrients, particularly dietary fat and carbohydrates (CHO), on plasma triglyceride (TG) concentrations have been widely investigated, with apparently conflicting results (Riccardi and Rivellese, 1991; Mann and Chisholm, 1999; Parks and Hellerstein, 2000; Hellerstein, 2002) . In fact, several years ago two very different metabolic conditions were identified: the so-called 'carbohydrateinduced hypertriglyceridemia' and, the other, 'fat-induced hypertriglyceridemia'.
More recently, the majority of studies performed have shown that high CHO diets induce a significant increase in fasting TG concentrations, by about 20%, compared to high-fat diets (Riccardi and Rivellese, 1991; Garg, 1998; Pieke et al., 2000; Mittendorfer and Labros, 2001; Hellerstein, 2002) . This is evident also after only moderate changes in the proportion of CHO and fat, which may be considered acceptable from a clinical point of view. Although this concordance of results is true for fasting TG concentrations, less is known about the effects of dietary CHO and fat on postprandial TG. The few data available on this topic have been obtained especially in acute experiments and remain substantially controversial, with some studies showing an increase after high CHO diets or high-fat meals and others just the opposite, that is, an increase in postprandial TG concentrations after high-fat diets or high-fat meals (Georgopoulos et al., 1998; Koutsari et al., 2000; Pieke et al., 2000; Iovine et al., 2004a) .
Moreover, most of the previous studies have been conducted in experimental conditions, often not representative of usual everyday life conditions. Only two studies have evaluated the possible relationship between dietary habits and postprandial TG response in free living conditions (Sharrett et al., 2001; Van Wijk et al., 2001) . Both have been performed in healthy individuals, and therefore nothing is known on this aspect for type II diabetic patients.
One of the main features of diabetic dislypidemia is an increased and prolonged postprandial plasma lipid response, especially for TG (Taskinen, 2003; Iovine et al., 2004b; Rivellese et al 2004) . As these postprandial abnormalities could partly explain the increased cardiovascular risk of type II diabetic patients (Taskinen, 2003) , it may be very important to identify the main dietary determinants of postprandial TG response in these patients, in usual everyday life, to try to change dietary habits accordingly.
Therefore, the aim of this study was to evaluate the relationship between dietary habits and postprandial TG response in a nonselected population of type II diabetic patients in free living conditions.
Subjects and methods
Type II diabetic individuals (World Health Organization, 1999) aged 45-70 years were recruited from a populationbased sample of patients referring to the same health district of the province of Naples (Italy) on the basis of the following exclusion criteria: renal or hepatic failure, use of hypolipidemic drugs, cardiovascular events in the last year and thyroid-stimulating hormone increase. All patients gave their informed consent and the study was approved by the Medical Ethics Committee of the Federico II University Medical School in Naples.
Patients were asked to perform four daily TG profiles, twice weekly, on two nonconsecutive days, excluding weekends. Triglyceride self-measurements were performed at fasting, before lunch, 2 and 3 h after lunch by Accutrend GCT (Roche Diagnostics, Mannheim, Germany). On the day of recruitment, height, weight with light indoor clothing and waist circumference were measured. On the same day, a fasting blood sample was taken for plasma lipid, blood glucose and glycosilated hemoglobin (HbA 1c ) determinations.
Usual dietary intakes, defined as the average intake over the previous year, were estimated with the use of a 138-item semiquantitative food-frequency questionnaire, designed on the basis of previous validity and reliability studies (Panico et al., 1992; Trevisan et al., 1992) . The questionnaires were administered by trained dietitians. Participants were asked how often, on average, they had consumed a specified portion of a given food during the previous year. Daily nutrient intake was calculated by multiplying the nutrient content of the specified portion of food item by the frequency of its daily consumption and then summing the results of all the items. Food values for energy and nutrients were taken from tables of the European Institute of Oncology (Salvini et al., 1998) .
Participants were asked to fill in a questionnaire on habitual physical activity during work and leisure time, which considered four increasing activity levels (Saltin and Grimby, 1968) . Participants in the first two levels were considered together and referred to as the 'low physical activity group' whereas participants in the other two levels were referred to as the 'moderate physical activity group'.
Analytical methods
Self-measurements of capillary blood glucose and TG were performed with the Accuntrend GCT device. Triglyceride measurement by the Accutrend has been validated against standard enzymatic methods and a correlation coefficient of 0.94 has been found (Luley et al., 2000) . Similar results have been obtained also by our group, with a correlation coefficient of 0.97 between Accutrend measurements performed by nonprofessional users and standard enzymatic methods (unpublished data).
Glycosilated hemoglobin was analyzed by high-pressure liquid chromatography and high-density lipoprotein (HDL)-cholesterol by precipitation method (Lopes-Virella et al., 1977) .
Statistical methods
Data are given as mean7standard deviation unless otherwise stated. Data regarding TG profiles represent the average of the four profiles.
Postprandial TG response was evaluated as the difference between 3 h post-lunch TG value, which represent the highest concentration in our sample, and the pre-lunch value (DTG).
The association between different variables was assesed by simple correlation analysis. Variables not normally distributed were analyzed after logarithmic transformation. Correlations between nutrient's intake and postprandial TG response were adjusted for the anthropometric and metabolic variables significantly associated with DTG.
Moreover, patients were divided into two groups according to the median of TG. Comparisons between the two groups were made by Student's t-test for unpaired sample and by w 2 (Snedecor and Cochran, 1980) . Statistical significance was set at Po0.05 (two-tailed).
Results
One-hundred and forty type II diabetic patients, 63 men and 77 women, participated in the study. Their main clinical characteristics are shown in Table 1 ; in summary, the majority of patients was overweight or obese (body mass index (BMI) ¼ 30.975.5 kg/m 2 ) (mean7s.d.), blood glucose control was almost satisfactory (HbA 1c ¼ 6.971.7%), HDL cholesterol was quite low (1.270.3 mmol/l). The average of the four TG profiles is reported in Figure 1 . Triglyceride concentrations decreased during the morning, reaching the lowest values before lunch, then increased after lunch, reaching the highest concentrations after 3 h.
Except for the energy intake (high, considering the high BMI and the very low level of physical activity) and the fiber intake (too low), the diet followed by our diabetic population seems quite consistent with current dietary recommendations (Table 2) (DNSG; Mann et al., 2004) .
Fasting TG were not correlated with dietary habits and the same was true for TG concentrations at the other points of the day (data not shown).
On the other hand, postprandial TG response (DTG 3 h postprandial À preprandial values) was significantly correlated with the intake (g/day) of animal proteins (r ¼ 0.20, Po0.02), total fat (r ¼ 0.21, Po0.01), animal fat (r ¼ 0.19, Po0.03) and vegetable fat (r ¼ 0.19, Po0.03). No correlation was found with energy intake, alcohol or CHO.
As fasting TG and HDL cholesterol were, among all the anthropometric and metabolic variables, the only ones significantly associated with DTG, the above correlations were adjusted for these parameters and also for sex. Results remained very much the same (Table 3) .
Expressing the nutrients as percentage of total energy intake, the correlations with total and animal fat remained positive and statistically significant, whereas a negative one appeared with complex CHO (Table 3) .
Moreover, in order to evaluate the possible influence of other noncategorical variables on postprandial TG response, we divided participants according to the median value of postprandial TG response (TG). This analysis confirmed that patients with a higher postprandial TG response had a significantly higher consumption of fat (59.17715.1 vs 66.62721.4 g/day, Po0.02), of both animal (31.51711.6 vs 36.44716.2 g/day, Po0.04) and vegetable origin (27.4176.3 vs 29.9377.1 g/day, Po0.03) ( Table 4) . No difference was observed between the two groups for age, BMI, type of hypoglycemic therapy, smoking habits or level of physical activity. High-density lipoprotein cholesterol concentrations were significantly lower in the group with higher TG response.
Discussion
This study shows that in a population-based sample of type II diabetic patients, in free living conditions, the postprandial TG response is associated with the absolute dietary intake of fat, both animal and vegetable origin, and of animal protein. In particular, a higher intake of these nutrients is associated with a higher postprandial TG response. These relationships are independent of other variables. In fact, they remained statistically significant also after adjusting for fasting TG and HDL cholesterol concentration, which are the only variables significantly associated with the postprandial TG response (the first positively and the second negatively) among those measured in our study. Expressing nutrient intake as percentage of the total energy intake, therefore adjusting in some way for possible differences in energy intake, total and animal fat remained significantly and positively associated with the postprandial TG response, whereas a negative correlation was found with the percentage of dietary CHO. It is likely that this last relationship is a spurious one, essentially owing to the fact that in human nutrition the percentage of dietary fat and CHO are strictly and negatively correlated. Therefore, these results, taken together suggest that dietary fat is the main dietary determinant of postprandial TG response in our type II diabetic patients. Furthermore, this link is not explained through a possible influence on postprandial blood glucose variation. In fact, in our population there is no correlation between postprandial TG response and postprandial blood glucose response (r ¼ 0.10, NS). This lack of correlation may be explained by the fact that our patients are in reasonably good blood glucose control (HbA1c ¼ 6.971.7). (Georgopoulos et al., 1998; Koutsari et al., 2000; Iovine et al., 2004a) . Population-based studies looking at this specific aspect are very few (Sharrett et al., 2001; Van Wijk et al., 2001; Geluk et al., 2004) and none has been performed in a diabetic population. In particular, data from free living healthy Dutch men are opposite to ours: in fact, in this population, dietary CHO were significantly associated with a higher postprandial TG response, evaluated as incremental area. There are many possible explanations for these different results. First of all, the type of diet -in particular, the type of CHO -may be different. Our population lived in Southern Italy, and either for this reason or for the fact that they were diabetic, they may be used to foods containing less rapidly digestible CHO and with a lower glycemic index, which increase TG concentrations to a lesser extent (Jenkins et al., 2000; Riccardi and Rivellese, 2000) .
Secondly, a higher CHO intake in healthy people may induce an increase in insulin secretion also in the postprandial phase, which, in turn, may increase hepatic very-low density lipoprotein (VLDL) synthesis (Kazumi et al., 1986; Brynes et al., 2003) . In type II diabetic patients, the increase in insulin secretion following CHO intake may be blunted as a consequence of their impaired insulin secretion (Kahn, 2003) ; consequently, also the increase in hepatic VLDL synthesis may be less effective. In type II diabetes, instead, the postprandial TG response may be a more direct index of chylomicrons and chilomicron remnants, which, in turn, derive directly from the amount and quality of dietary fat consumed. Moreover, the catabolism of these particles may be delayed in patients with diabetes (Taskinen, 2003; Rivellese et al., 2004) , contributing, at least to some extent, to their higher postprandial TG levels.
The method used by us to evaluate dietary habits provide the composition of a diet as a whole, but does not allow separation between different meals (breakfast, lunch, dinner). In any case one of the main characteristics of dietary habits of the regions where our diabetic population lived is that lunch represents the main meal and is very close to the composition of the whole diet. This allows us to consider the habitual nutrient intake as a very good indicator of the habitual nutrient intake at lunch.
In our study, postprandial TG response was not correlated with variables such as BMI, waist circumference, alcohol consumption or physical activity -generally considered important determinants of TG concentrations, at least in fasting condition (Mann and Chisholm, 1999) . For what concerns BMI, waist circumference and level of physical activity, the most plausible explanation for the absence of any relationship is that almost all subjects in our study were obese or, at least, overweight and sedentary.
Alcohol intake was very low in our diabetic population (on average 577 g/day). Although the relationship between habitual alcohol consumption and postprandial TG is not well established, an intake as low as that in our population is surely unable to influence both fasting and postprandial TG concentrations (Gaziano et al., 1993; Sharrett et al., 2001 ).
In conclusion, in a free living population of type II diabetic patients from a Southern Italian region, the main dietary determinant of postprandial TG response seems to be the amount of dietary fat, independently of the different types of fat.
